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中文摘要 
桑沟湾是我国北方重要的海水养殖海湾。从湾顶到湾口分别是贝类养殖区和
藻类养殖区。本研究选择桑沟湾作为研究区域对养殖海区微型鞭毛虫的生态学进
行研究。首先，于 2011 年春季，2011 年夏季，2011 年秋季和 2012 年冬季分别
对桑沟湾微型鞭毛虫的时空分布、粒径结构和营养结构进行调查。而后，通过围
隔实验研究贝、藻养殖对微型鞭毛虫的影响。根据围隔实验的结果设置营养盐添
加实验和贝类摄食实验以探讨围隔实验中贝类增强微型鞭毛虫及其相关环节作
用的原因。同时，本研究还探讨了微型鞭毛虫对微微型浮游生物的摄食。主要结
果如下： 
（1）桑沟湾微型鞭毛虫以 2-5 µm 微型鞭毛虫为主，微型鞭毛虫的总丰度的
年变化范围从 0.31×103 cells ml-1 到 171×103 cells ml-1。微型鞭毛虫丰度的最高值
出现在夏季，最低值出现在冬季，表现出明显的季节变化特征。夏、秋两季，微
型鞭毛虫丰度从湾口向湾顶逐渐增加；冬、春两季，微型鞭毛虫丰度分布相对均
匀。在不同季节，微型鞭毛虫的营养结构有所不同。总体而言，夏、秋两季以含
色素体微型鞭毛虫为主，冬季以异养微型鞭毛虫为主，春季含色素体微型鞭毛虫
和异养微型鞭毛虫的丰度相似。 
（2）按养殖类型的不同将桑沟湾划分为贝类养殖区和藻类养殖区。夏、秋
两季，贝类养殖区的盐度显著低于藻类养殖区，此时，贝类养殖区的营养盐浓度
（除了秋季的 DIN 浓度外）、Chl a 浓度、细菌丰度和微型鞭毛虫丰度均显著高
于藻类养殖区。 
（3）夏、秋两季，桑沟湾有明显的淡水输入。此时，微型鞭毛虫的丰度和
细菌丰度均与盐度成显著的负相关（p<0.05），这表明淡水的输入可能是导致夏、
秋两季贝类养殖区微型鞭毛虫丰度显著高于藻类养殖区微型鞭毛虫丰度的一个
重要原因。但是，夏、秋两季，无论是微型鞭毛虫丰度还是细菌丰度均与营养盐
无显著的相关关系（p>0.05），这表明除了淡水输入的影响外，海水养殖可能也
对桑沟湾微型鞭毛虫的空间分布产生影响。 
（4）围隔实验结果显示栉孔扇贝（Chlamys farreri）能显著提高水体中磷酸
盐和 Chl a 的浓度，在实验结束时候，水体中磷酸盐的浓度达到 0.26 µM。同时，
厦
门
大
学
博
硕
士
论
文
摘
要
库
中文摘要 
II 
 
养殖贝类还能显著提高微微型浮游生物丰度和纤毛虫丰度。而且在实验进行 96 h
后，养殖贝类可以明显提高 2-5 µm 微型鞭毛虫的丰度，从而提高总的微型鞭毛
虫丰度。养殖藻类（Gracilaria lemaneiformis，龙须菜）能显著降低 Chl a 的浓度，
而对微微型浮游生物和微型鞭毛虫的丰度无显著的影响。但是，养殖藻类可以改
变微型鞭毛虫的粒径结构，增加 5-10 µm 微型鞭毛虫所占的比例。围隔实验结果
表明海水养殖可能也是造成夏、秋两季桑沟湾贝类养殖区微型鞭毛虫丰度显著高
于藻类养殖区微型鞭毛虫丰度的原因，而且这种差异可能是由贝类的营养盐排泄
（特别是磷酸盐排泄）引起的。 
（5）栉孔扇贝的截留率随着被捕食者粒径的减少而降低。栉孔扇贝不能有
效截留微微型浮游生物，其对<5 µm 微型鞭毛虫，5-10 µm 微型鞭毛虫和纤毛虫
的截留效率分别是 22.62%，63.27%和 83.22%。 
（6）磷酸盐添加实验结果显示，由于微食物网中营养级联效应的作用，桑
沟湾自然水体中的磷酸盐添加（终浓度 0.3 µM）并不能提高水体中微微型浮游
生物和微型鞭毛虫的丰度。但是在通过粒径分割法移除其捕食者后，磷酸盐的添
加可以显著提高微微型浮游生物和 2-5 µm 微型鞭毛虫的丰度。这一结果表明养
殖贝类增加水体中的微型鞭毛虫的丰度可能是贝类营养盐（磷酸盐）排泄和贝类
对不同粒径大小的个体选择性摄食综合作用的结果。 
（7） 春、夏、秋、冬 4 个季节异养微型鞭毛虫对细菌的摄食率分别为 5.47 
cells ind.
-1
h
-1、9.55 cells ind.-1h-1、6.86 cells ind.-1h-1 和 1.62 cells ind.-1h-1，含色素
体微型鞭毛虫对细菌的摄食率分别为 4.55 cells ind.-1h-1、12.42 cells ind.-1h-1、7.86 
cells ind.
-1
h
-1 和 0.56 cells ind.-1h-1。微型鞭毛虫对细菌的摄食主要由 2-5 µm 类群
所贡献。就营养结构而言，冬、春两季微型鞭毛虫对细菌的摄食主要由异养微型
鞭毛虫所贡献；夏、秋两季不同养殖区的情况有所不同，藻类养殖区异养微型鞭
毛虫的贡献比较大，而贝类养殖区含色素体微型鞭毛虫的贡献比较大。除冬季外，
贝类养殖区微型鞭毛虫对细菌的摄食要显著大于藻类养殖区微型鞭毛虫对细菌
的摄食（p<0.05）。 
（8）由于冬、春两季桑沟湾聚球藻（Synechococcus）的平均丰度仅有
5.05±2.01×10
2 
cells ml
-1和 0.46±0.25×102 cells ml-1，不足以作为微型鞭毛虫的食
物来源，因此本文仅研究夏、秋两季微型鞭毛虫对聚球藻的摄食。结果发现微型
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鞭毛虫对聚球藻的摄食在秋季要大于夏季。夏季和秋季异养微型鞭毛虫对聚球藻
的摄食率分别为 0.55 cells ind.-1h-1 和 0.78 cells ind.-1h-1；这两个季节含色素体微
型鞭毛虫对聚球藻的摄食率分别为 0.57 cells ind.-1h-1 和 1.07 cells ind.-1h-1，含色
素体微型鞭毛虫对聚球藻的摄食率相当于或者大于异养微型鞭毛虫对聚球藻的
摄食率。此外，贝类养殖区微型鞭毛虫对聚球藻的摄食率均要显著高于（p<0.05）
藻类养殖区微型鞭毛虫对聚球藻的摄食率。 
关键词：微型鞭毛虫；微食物网；海水养殖区；双壳类；大型海藻；桑沟湾 
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Abstract 
Sanggou Bay in northern China is an important mariculture bay. The bay could 
be divided into the bivalves culture areas (B-area) and the macroalgae culture areas 
(M-area) from the bay head to the bay mouth. The ecological studies on the 
nanoflagellates (NF) in Sanggou Bay were conducted in the present study. Firstly, the 
spatial and temporal distributions, the size structure and the trophic structure of NF 
were investigated in spring 2011, summer 2011, autumn 2011 and winter 2012, 
respectively. After the field investigations, the enclosure experiments were carried out 
to study the effects of mariculture (bivalves and macroalgae) on the NF. Based on the 
results of enclosure experiments, the nutrient-enrichment (P) and bivalve grazing 
experiments were conducted to study why the bivalves strengthened the functions of 
NF and its relevant links. Meanwhile, the grazing of NF on the picoplankton 
(heterotrophc bacteria and Synechococcus) was also studied in the present study. The 
main results were as follows: 
(1) The NF community in Sanggou Bay was dominated by 2-5 µm NF, and the 
total NF abundance ranged from 0.31×10
3
 cells ml
-1
 to 171×10
3
 cells ml
-1
 during the 
study period. The seasonal variations of NF abundance were clear: the highest 
abundance of NF was found in summer, and the lowest abundance appeared in winter. 
The NF increased from the bay mouth to the bay head in both summer and autumn, 
whereas the relatively homogeneous distributions of NF were found in both winter 
and spring. Generally, the trophic structure of NF varied among different seasons, i.e., 
the pigmented nanoflagellates (PNF) dominated the NF community in summer and 
autumn, the contributions of PNF and heterotrophic nanoflagellates (HNF) were 
similar in spring but the NF community was dominated by the HNF in the winter. 
(2) Sanggou Bay could be divided into the B-area and the M-area according to 
the cultured species. In the summer and autumn, the salinity was significantly higher 
in the B-area than in the M-area, but the concentrations of nutrients (except for the 
DIN in autumn) and Chl a and the abundances of heterotrophic bacteria and NF were 
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all significantly higher in the B-area than in the M-area (p<0.05). 
(3) In the summer and autumn, the freshwater input to the bay was significant, 
and the abundance of both NF and bacteria negatively related to the salinity (p<0.01). 
Additionally, the abundance of NF significant positively correlated to the abundance 
of bacteria at that time of seasons (p<0.05). The results suggested that the freshwater 
input is likely an important factor result in the higher abundance of NF in the B-area. 
However, no significant correlations between the nutrients and the salinity were found 
during the study period, which suggested that the mariculture was also likely an 
important factor influenced the spatial distribution of NF.  
(4) The results of enclosure experiments showed that Chlamys farreri  
significantly increased the concentrations of phosphate (PO4
3-
) and Chl a, and at the 
end of the experiment, the concentration of PO4
3-
 in the bivalve enclosure was 
increased to 0.26 µM. Likewise, the bivalve cultivation also increased the abundances 
of picoplankton and ciliates. The abundance of 2-5 µm NF in the bivalve enclosure 
was increased after 96 h cultivation, which resulted in the increase of total NF 
abundance. The macroalgae (Gracilaria lemaneiformis) significantly decreased the 
concentration of Chl a. The macroalgae may increase the proportion of 5-10 µm NF 
and change the size structure of NF. However, no significant influences of the 
macroalgae on the abundances of picoplankton and NF were found in the macroalgae 
enclosure experiment. The results of enclosure experiments suggested that the 
mariculture is also likely an important factor resulted in the higher abundance of NF 
in the B-area, and the nutrients release of bivalve (mainly phosphate) may be the 
important reason of the effects of mariculture on the spatial distribution of NF.  
(5) The retention efficiency of Chlamys farreri dropped with the decreasing prey 
size. The scallops did not efficiently retain picoplankton, and the retention efficiencies 
for <5 µm NF, 5-10 µm NF and ciliates were 22.62%, 63.27% and 83.22%, 
respectively. 
(6) The results of P-enrichment experiments showed that P-enrichment (with the 
final concentration of ~0.3 µM ) did not increase the abundances of picoplankton and 
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NF in the natural water because of the existence of the trophic cascades within the 
microbial food web . However, when the specific predators were removed by the size 
fraction method, the addition of P significantly increased the abundances of 
picoplankton and 2-5 µm NF. These results suggested that the combination of P 
release by the bivalve and the different retention efficiencies of the scallop on the 
different components of the microbial food web may be responsible for the increase 
of NF abundance in the bivalve enclosure. 
(7) The grazing rate of HNF and PNF on the heterotrophic bacteria was 5.47 
cells ind.
-1
h
-1
, 9.55 cells ind.
-1
h
-1
, 6.86 cells ind.
-1
h
-1
 and 1.62 cells ind.
-1
h
-1
 and 4.55 
cells ind.
-1
h
-1
, 12.42 cells ind.
-1
h
-1
, 7.86 cells ind.
-1
h
-1
 and 0.56 cells ind.
-1
h
-1
 in the 
spring, summer, autumn and winter, respectively. The grazing rate of NF community 
on the heterotrophic bacteria was mainly contributed by the grazing of 2-5 µm NF 
during the study period. For the trophic structure of NF, the grazing of HNF 
dominated the grazing of NF community on the heterotrophic bacteria in the both 
spring and winter; while the situations in the summer and autumn were different from 
that in the spring and winter and depended on the location, the grazing of HNF 
contributed more in the M-area, in contrast, the grazing of PNF contributed more in 
the B-area. During the study period (except for winter), the grazing rate of NF on the 
bacteria was higher in the B-area than in the M-area (p<0.05). 
(8) This study only focused on the grazing rate of NF on the Synechococcus in 
the summer and autumn because the mean abundance of Synechococcus in Sanggou 
Bay was 5.05±2.01×10
2 
cells ml
-1
 and 0.46±0.25×10
2
 cells ml
-1
 in the winter and 
spring which were too low and could not be preyed by the NF. The results of grazing 
experiments showed that the grazing rate of NF on the Synechococcus was higher in 
the autumn than in the summer. The grazing rate of HNF on the Synechococcus was 
0.55 cells ind.
-1
h
-1
 and 0.78 cells ind.
-1
h
-1
 in the summer and autumn, while the 
grazing rate of PNF on the Synechococcus was 0.57 cells ind.
-1
h
-1
 and 1.07 cells 
ind.
-1
h
-1
 in the summer and autumn. The grazing rate of PNF was equal or greater than 
the grazing rate of HNF. In addition, the grazing rate of NF on the Synechococcus was 
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higher in the B-area than in the M-area (p<0.05). 
KEY WORDS：Nanoflagellates; Microbial food web; Mariculture areas; Bivalves; 
Macroalgae; Sanggou Bay 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
